What Is Known/What Is New**What Is Known**Currently, the most frequently used surrogate for mucosal healing is a faecal calprotectin concentration in the target range.Faecal calprotectin levels below 250 μg/g correlate well with mucosal healing.**What Is New**A short time-to-reach the calprotectin target on conventional induction therapy, that is, within 12 weeks, is predictive for favorable disease course in patients with new-onset Crohn disease, but not in patients with ulcerative colitis.Our findings suggest that Crohn disease patients who fail to reach target calprotectin levels within 12 weeks after exclusive enteral nutrition or steroid therapy may be entitled to step-up to anti-Tumor Necrosis Factor agents.

Inflammatory bowel diseases (IBD), including Crohn disease (CD) and ulcerative colitis (UC), develop during childhood or adolescence in approximately 10% of patients ([@R1]). Paediatric-onset IBD is associated with more extensive disease, higher disease activity, and a more complicated course than adult-onset IBD ([@R2],[@R3]). The focus of modern-day IBD management is moving away from controlling symptoms (or clinical remission) towards reaching and maintaining complete recovery of the intestinal mucosa, constituting both endoscopic and histologic healing (mucosal healing, MH) ([@R4]). MH is associated with better patient outcomes and is said to reduce the risk of end-organ damage ([@R5]). MH is ideally evaluated by endoscopy with biopsies, but repeated endoscopic procedures are poorly tolerated. Currently, the most frequently used noninvasive surrogate marker of MH is faecal calprotectin (FC). FC levels below 250 μg/g correlate well with MH, FC levels rise quickly above this target threshold in case of disease flare and FC levels rapidly fall with successful treatment ([@R6]).

In the past decade, the approach to treating children with luminal CD and UC has been classically described as "step up," whereas only few exceptional conditions at diagnosis warranted early and continuing use of anti-tumour necrosis factor (TNF) agents, including patients with perianal fistulizing disease, growth failure, or extra-intestinal manifestations ([@R7]). Although we acknowledge the importance of recognizing patients who are most at risk of developing a complicated disease course at diagnosis, we argue that risk stratification should not stop there. The identification of high- and low-risk patients for complicated disease should probably continue after diagnosis and extend into the first year of treatment.

For that purpose, we prospectively followed newly diagnosed children with luminal CD or UC who were initially treated with conventional induction therapy and evaluated whether there was a relation between time-to-reach target calprotectin and first flare.

METHODS
=======

Study Design and Setting
------------------------

This was a noninterventional, observational study in which patient data were prospectively entered in an online registry, from diagnosis onwards. We used the cloud-based FastForwardCare (FFC) platform, which is especially designed to capture patients' records in an easy and comprehensive way ([*https://www.fastforwardcare.nl/*](https://www.fastforwardcare.nl/)). FFC is a health network in which care providers, researchers, patients and families learn together to improve the care for children with IBD. With effect from January 2015 the University Medical Center Groningen (UMCG) has started the collection of patient data. More IBD treatment centers will be invited to join this health network in the coming years. The FFC platform has options for writing medical summaries, creation of medical letters and building a research database without the drawback of double data entry. Care providers can trace back database information to their individual patients; other users only have access to anonymized data.

Health checks and data collection were done at structured time points, but not at fixed intervals. We used phenotype-specific clinical composite scores (Paediatric Ulcerative Colitis Activity Index \[PUCAI\] ([@R8]) and the shortened Paediatric Crohn Disease Activity Index \[shPCDAI\]) ([@R9],[@R10]). Stool samples were sent to the department of laboratory sciences of the UMCG and were analysed with fCAL ELISA (BÜHLMANN Laboratories AG, Schönenbuch, Switzerland). The results of both the symptom score and the calprotectin stool test cumulated in a relapse risk stratification (Flarometer score) that has been described previously ([@R11],[@R12]). In brief, a patient who was in the low-risk stratum (symptom score below 10 and calprotectin below 250 μg/g) was reassured and advised to retest in 3 months. A symptomatic patient with a calprotectin concentration above 250 μg/g was considered to have active disease and required immediate adjustment of therapy and retesting after 1 month. In the intermediate-risk stratum, a test interval of 1 month was advised before progressing to a treatment decision (Fig. [1](#F1){ref-type="fig"}).

![Flarometer strategy. Algorithm with advice on treatment and the timing of re-measurement. Reproduced with permission from Heida et al ([@R11]).](jpga-69-466-g001){#F1}

The ethical committee of the UMCG reviewed the study protocol and waived the need for informed consent because of the anonymous and noninterventional approach of the registry.

Participants
------------

We used the clinical data of patients up to the age of 17 years who were newly diagnosed with luminal CD or UC between January 2015 and July 2017. National treatment guidelines provided uniformity in treatment among physicians ([@R13]). Patients with active luminal CD were treated with steroids (to a maximum of 40 mg/day) and gradual dose tapering, or with exclusive enteral nutrition (EEN) for 6 weeks. Patients with active UC were treated with steroids and aminosalicylate dose escalation. Maintenance therapy was started at the same time as induction therapy and in CD, this included standardized doses of mercaptopurine (1--1.5 mg · kg^−1^ · day^−1^), azathioprine (2--2.5 mg · kg^−1^ · day^−1^) or methotrexate (15 mg · m^−2^ · week^−1^), while in UC this included aminosalicylate monotherapy (60-80 mg · kg^−1^ · day^−1^) or combination therapy with azathioprine. Antitumor necrosis factor (TNF) therapy was indicated after failure of conventional therapy.

Data Collection
---------------

At diagnosis, patient demographics, disease characteristics, and detailed information on diagnostic work-up (including baseline laboratory values, endoscopic examination, histological features, and small bowel imaging) were recorded online in the FFC registry. Stool specimen were collected at home and sent to the hospital laboratory before each face-to-face patient-doctor encounter, as previously described ([@R14]). During health checks, all of the following variables were entered in the FFC registry: present treatment, clinical signs and symptoms, follow-up of laboratory values and faecal calprotectin, PUCAI or shPCDAI, a final conclusion (remission, clinical improvement, imminent relapse, relapse), and any treatment adjustments.

Definitions and Outcome Measures
--------------------------------

IBD was diagnosed according to the Revised Porto criteria ([@R15]) and disease phenotype, location, and behavior were described according to the Paris classification ([@R16]). Faecal calprotectin concentrations below 250 μg/g were considered as a proxy for mucosal healing ([@R17]--[@R20]). Time-to-reach target was defined as the first calprotectin measurement below 250 μg/g after the start of induction therapy (Figure, Supplemental Digital Content 1). Time-to-first flare, which was our primary outcome measure, was defined as the time from the first calprotectin measurement below 250 μg/g until reappearance of symptoms with calprotectin values above 250 μg/g (ie, having a flarometer score in the high-risk stratum). Growth delay was defined as height-for-age less than or equal to −2 SD.

Statistical Analyses
--------------------

This was an exploratory study, with neither formal hypothesis testing nor sample size calculation. Data analyses were performed using IBM SPSS version 23.0 for Apple Mac (IBM Corporation, Armonk, NY). Baseline demographics and disease characteristics were evaluated using descriptive statistics, including median and interquartile ranges (IQR: 25th percentile, 75th percentile) for continuous variables. For discrete variables, we calculated the 95% confidence interval in OpenEpi, Version 3. Time-to-event data were analysed by Kaplan-Meier and log-rank tests. *P* values \<0.05 were considered statistically significant. Graphs were constructed with GraphPad Prism version 7 for MacBook (GraphPad Software, San Diego, CA). Patients with fistulizing CD were excluded from the survival analysis.

RESULTS
=======

Patient Demographics
--------------------

A total of 76 newly diagnosed children with IBD were identified between January 2015 to July 2017. Fifty-seven percentage (43/76) had luminal CD and 43% (33/76) had UC. Table [1](#T1){ref-type="table"} shows the patient characteristics. Patients included in the FFC registry were diagnosed at a median age of 14.5 years (IQR 11.9--16.3) and 14.1 years (IQR 12--15.8), for CD and UC, respectively. Fifty-three percentage (23/43) of CD patients was female, compared with 49% (16/33) of UC patients. Growth delay at diagnosis was reported in 17% (7/41) of CD patients and in 6% (2/32) of UC patients. Median follow-up of patients was 67 weeks (IQR 54--86).

###### 

Patient characteristics at diagnosis

                                                                                                                         CD (n = 43)         UC (n = 33)
  ---------------------------------------------------------------------------------------------------------------------- ------------------- -----------------
  Demographic features                                                                                                                       
  Median age in years (IQR)                                                                                              14.5 (11.9--16.3)   14.1 (12--15.8)
  Female sex                                                                                                             54%                 49%
  Family history of IBD                                                                                                                      
   First degree relatives                                                                                                6% (2--17)          10% (4--26)
   Second degree relatives                                                                                               18% (10--31)        15% (7--31)
  IBD-related comorbidity                                                                                                                    
   Joint inflammation                                                                                                    20% (11--34)        14% (5--31)
   Eye manifestations                                                                                                    4% (1--14)          \-
   Skin manifestations                                                                                                   4% (1--14)          \-
   Growth delay[^\*^](#TF1-1){ref-type="table-fn"}                                                                       17% (9--31)         6% (2--20)
  Laboratory markers                                                                                                                         
   CRP, \>10 mg/L                                                                                                        49% (35--63)        24% (13--41)
   ESR, \>20 mm/h                                                                                                        61% (46--74)        39% (25--56)
   Hb, \<−2SD (sex and age adjusted[^†^](#TF1-2){ref-type="table-fn"})                                                   49% (35--63)        42% (27--59)
   Stool Calprotectin, \>250 μg/g                                                                                        100% (93--100)      97% (85--99)
  Disease location (according to Paris Classification)                                                                                       
   L1: Distal 1/3 ileum                                                                                                                      19% (10--33)
   L2: colonic                                                                                                                               42% (28--57)
   L3: ileocolonic                                                                                                                           44% (30--59)
   L4a: upper disease proximal to ligament of Treitz[^\*^](#TF1-1){ref-type="table-fn"}                                                      5% (1--15)
   L4b: upper disease distal to ligament of Treitz and proximal to distal 1/3 ileum[^\*^](#TF1-1){ref-type="table-fn"}                       23% (13--38)
   L4ab: upper disease above and below the ligament of Treitz                                                                                37% (24--52)
   E1: ulcerative proctitis                                                                                              24% (13--41)        
   E2: left-sided UC (distal to splenic flexure)                                                                         9% (3--24)          
   E3: extensive (distal to hepatic flexure)                                                                             --                  
   E4: pancolitis (proximal to hepatic flexure)                                                                          67% (50--80)        
  Disease behavior[^‡^](#TF1-3){ref-type="table-fn"}                                                                                         
   B1: nonstricturing, nonpenetrating                                                                                                        84% (70--92)
   B2: structuring                                                                                                                           7% (2-19
   B3: penetrating                                                                                                                           5% (1--15)
   B2B3: both penetrating and stricturing disease                                                                                            5% (1--15)
   p: perianal disease                                                                                                                       35% (22--50)

Values are percentages (95% confidence interval) unless otherwise stated.

^\*^Growth delay was defined as height versus age ≤−2 SD.

^†^We used age- and sex-adjusted cut points for low haemoglobin blood levels (Hb). Cut-offs were 7.1 g/L for boys and girls younger than 13 years, 8.1 g/L for boys 13 to 17 years, and 7.4 g/L for girls between 13 and 17 years ([@R36]).

^‡^Magnetic resonance enterography was performed in 10 of 43 CD patients. The reported proportion of patients with penetrating or structuring disease may be an underestimation.

Diagnostic Work-up
------------------

### Abnormal Laboratory Tests at Diagnosis

Blood examination at diagnosis showed abnormal values of C-reactive protein (CRP) and/or erythrocyte sedimentation rate (ESR) in 67% (29/43) of CD patients and in 45% (15/33) of UC patients. Forty-eight percentage (21/43) of CD patients and 42% (14/33) of UC patients presented with anaemia. All but 1 patient had faecal calprotectin levels out of the normal range (\>250 μg/g). One UC patient with continuous inflammation from rectum to sigmoid had a calprotectin level of 220 μg/g at diagnosis. This patient was excluded from Kaplan-Meier analysis for having reached the event of interest at baseline.

### Endoscopic and Histological Features at Diagnosis

Disease location and behavior are shown in Table [1](#T1){ref-type="table"}. Five patients, who were ultimately diagnosed with UC, had histologic features of focally enhanced gastritis. Small bowel imaging by magnetic resonance enterography (MRE) was performed in 10 patients with indefinite colonic inflammation to distinguish CD from UC. Abnormalities suggestive for CD were seen in 6 patients, whereas the remaining 4 patients with normal MRE findings were initially diagnosed as IBD-unclassified. Follow-up colonoscopies confirmed a diagnosis of CD in 3 patients and UC in 1 patient.

Initial Induction and Maintenance Therapy
-----------------------------------------

Figure, Supplemental Digital Content 2 shows the flow of patients through the first year postdiagnosis. Forty-nine percentage (21/43) of patients diagnosed with luminal CD were initially treated with EEN to induce remission and 51% (22/43) with steroids. Seventy percentage (30/43) of CD patients reached the treatment target during the observation period (whether or not after switch or step-up) and were included in the analysis of the primary outcome measure (time-to-first flare).

Eighty-four percentage (27/32) of UC patients were induced with oral steroids in combination with aminosalicylates, whereas 13% (4/32) of patients, in particular, those with ulcerative proctitis, were induced with topical aminosalicylates. One patient with UC was initially misdiagnosed as luminal CD and put on EEN. The final diagnosis was adjusted after colonoscopy was repeated. Ultimately 94% (30/32) of UC patients reached the treatment target during the observation period (whether or not after switch or step-up) and were included in the analysis of the primary outcome measure.

First choice immunomodulator for CD patients was azathioprine in 93 percentage (40/43) of cases. Eighty-four percentage (27/32) of the UC patients were on oral aminosalicylate maintenance therapy, in 85% (23/27) of cases in combination with azathioprine.

Disease Course in the First Year Postdiagnosis
----------------------------------------------

### Time-to-reach Target Calprotectin Levels (\<250 μg/g)

Figure [2](#F2){ref-type="fig"} shows the time-to-reach target calprotectin levels (\<250 μg/g) in the study population in the first year postdiagnosis. Nineteen percentage (8/43) of patients with luminal CD reached the target within 12 weeks after diagnosis. Another 42% (18/43) reached the target between 12 and 52 weeks postdiagnosis, for which 14 patients required a step-up to anti-TNFs. Forty percentage (17/43) had not reached the treatment target after 52 weeks of follow-up. Another 4 patients with CD reached the calprotectin target concentration after 52 weeks of follow-up.

![Kaplan-Meier plot demonstrating time-to-reach target calprotectin (\<250 μg/g) in the first year postdiagnosis. Patients with ulcerative colitis (solid line) and Crohn disease (dotted line) were treated according to the Dutch step-up approach. One patient with UC had a faecal calprotectin value of 220 μg/g at diagnosis was excluded from the Kaplan-Meier analysis for having reached the event of interest at baseline.](jpga-69-466-g002){#F2}

Among patients with UC, 53% (17/32) reached the target within 12 weeks after diagnosis. Another 31% (10/32) reached the target between 12 and 52 weeks postdiagnosis, for which 1 patient needed step-up to anti-TNFs. Thirteen percentage (5/32) had not reached the treatment target at the end of 52 weeks' follow-up. Another 3 UC patients reached the calprotectin target concentration after 52 weeks of follow-up.

A significant larger proportion of patients with UC reached the calprotectin target in the first year compared with patients with CD, and also at a faster pace. The median time-to-reach target calprotectin levels was, respectively, 11 and 37 weeks (Log-rank test, *P* = 0.001). The slopes for UC and CD patients in Figure [2](#F2){ref-type="fig"} indicate that the difference in time-to-reach target calprotectin is in the first 12 weeks postdiagnosis. Thereafter, both curves follow a parallel track. The patients that ultimately reached the calprotectin target served as the study population to evaluate time-to-first flare.

### Time-to-first Flare After Reaching the Calprotectin Target

Figure [3](#F3){ref-type="fig"} shows the time-to-first flare after reaching the calprotectin target. Patients with CD who had reached the treatment target remained in remission for a significantly longer time than patients with UC (Log-rank test, *P* = 0.001). Figure [4](#F4){ref-type="fig"} shows that new-onset CD patients who reached the target calprotectin level within 12 weeks were more likely to have a favorable disease course, than CD patients who reached the target calprotectin after 12 weeks (Log-rank test, *P* = 0.057). In UC patients there was no association between the pace of reaching the target calprotectin and favorable disease course (Log-rank test, *P* = 0.547).

![Kaplan-Meier plot demonstrating time-to-first relapse, defined as the time from the first calprotectin measurement below 250 μg/g until reintroduction of induction therapy (whether or not step-up). Patients with ulcerative colitis (solid line) are compared with patients with Crohn disease (dotted line).](jpga-69-466-g003){#F3}

![Kaplan-Meier plot demonstrating time-to-first relapse, defined as the time from the first calprotectin measurement below 250 μg/g until reintroduction of induction therapy (whether or not step-up) in 30 patients with Crohn disease. Patients who reached the target calprotectin within 12 weeks (solid line) are compared with patients who reached the target calprotectin beyond 12 weeks (dotted line).](jpga-69-466-g004){#F4}

In both CD and UC patients, 1-year outcomes including time-to-reach target calprotectin and time-to-first flare were similar regardless of initial choice of induction therapy, although our study was not powered to address this question (Table, Supplemental Digital Content 3).

Figure, Supplemental Digital Content 4 gives an overview of changes in faecal calprotectin from baseline to the moment of reaching the target range (ΔFC~↓~) and from the last result in range to the first out-of-range result (ΔFC~↑~). The median ΔFC~↓~ was −2095 (interquartile range, IQR −3000 to 1281) μg/g. The median ΔFC~↑~ was 860 (interquartile range, IQR 557--1922) ug/g. Ninety-five percentage (72/76) of IBD patients in our cohort had FC concentrations over 500 μg/g at baseline. Eighty-eight percent (53/60) of patients had FC concentrations below 200 μg/g when the target range was reached. Similarly, in those who flared during the observation period, FC concentrations were below 200 μg/g shortly before the flare in 92% (23/25) of cases. The first out-of-range measurement was over 500 μg/g in 96% (24/25) of cases.

DISCUSSION
==========

Key Findings
------------

We quantified time-to-reach target calprotectin levels and its relation with first flare in patients with new-onset paediatric IBD. The data were drawn from the FastForwardCare Registry. We showed that patients with UC reached the treatment target (FC \<250 μg/g) at a faster pace than patients with CD, but they also experienced a first flare sooner than patients with CD. Additionally, we observed that CD patients with time-to-reach target calprotectin ≤12 weeks after conventional induction therapy (ie, exclusive enteral nutrition or steroids) had a more favorable disease course in the first year than those with time-to-reach target calprotectin \>12 weeks. In UC patients, time-to-reach target calprotectin ≤12 weeks was not associated with a favorable disease course in the first year.

Comparison With Existing Literature
-----------------------------------

Several research groups have identified factors at disease diagnosis that warranted early and ongoing use of anti-TNF agents, including perianal fistulizing disease, presence of strictures or penetrating disease in CD, and extensive disease (pancolitis) or extraintestinal manifestations in UC ([@R21]--[@R26]).

In addition, we have now shown that the absence of response to conventional induction therapy (with EEN or steroids), rationalized in a failure to reach target calprotectin levels within 12 weeks from initiation, facilitates selection of patients with CD that may require an accelerated step-up therapy. A recently published Pan-European study among patients with new-onset paediatric CD also stressed the prognostic power of calprotectin values at week 12 of induction therapy, and showed that response to induction therapy has more impact than baseline disease severity or inflammation ([@R27]).

Faecal Calprotectin Cut-point
-----------------------------

The discussion about the best calprotectin cut-point for mucosal healing is on-going, and the debate is blurred by the intended purpose of this stool test. In many articles, the use of a single calprotectin measurement is compared with a reference test (such as endoscopy or MRE) ([@R28]), whereas we use calprotectin at every health check (ie, periodically) and now adjust our therapy plans based on the trend in calprotectin results. By analogy with the most frequently used monitoring test in medicine---the measurement of blood pressure---the variability over time makes a single measurement a poor monitoring test. Fecal calprotectin becomes a good monitoring test when therapy adjustment is based on a series of measurements.

Choosing a cut-point that is considerably lower than 250 μg/g used in this project (eg, 150 μg/g) will definitely improve the specificity of the calprotectin test. At the same time, this may be detrimental to the outcome of patients with calprotectin results between 150 and 250 μg/g, who may need to undergo pointless changes of therapy that lead to quick exhaustion of the therapeutic arsenal. Evaluation of the best calprotectin cut-point should, therefore, not be limited to the reporting of receiver operating characteristic (ROC) curves, as is done in many publications ([@R28]), but must also include the monitoring strategy, definitions of action thresholds, and the actions to be taken if any of the thresholds is reached.

Limitations
-----------

Although there is an imminent danger of over-interpretation of results in an observational study, our results offer insight into the short-term outcomes of new-onset paediatric IBD patients, where double-blind randomized controlled trials are unlikely to occur. The University Medical Center in Groningen was the first center to start capturing data in the FastForwardCare prospective registry. We realize that single-center studies are unlikely to have sufficient power to draw reliable conclusions, especially when evaluating the effect of treatment choices on time-to-event analyses, and we, therefore, aim to encourage more paediatric IBD treatment centers to join the registry in the upcoming years.

Implications for Paediatric Practice and Further Research
---------------------------------------------------------

Several trials have shown that early use of anti-TNF agents is associated with improved outcomes and fewer complications in adult as well as in paediatric patients with CD ([@R25],[@R29]--[@R34]). This does not necessarily mean that every new-onset IBD patient will profit from the early institution of anti-TNF induction treatment. A significant proportion of patients with IBD have a relatively favorable disease course, with long time-to-first flare and low risk of complications. We are the first to have shown that a time-to-reach target calprotectin level within 12 weeks is predictive for a favorable disease course in the short run in patients with new-onset CD, but not in patients with UC.

Given that calprotectin is a cytosolic protein, particularly, abundant in neutrophils, these results are not unexpected. Influx of neutrophils in the epithelium or in the intestinal lumen are known to increase the amount of calprotectin in the gut lumen ([@R35]). ln UC, the inflammation is confined to the mucosal layer, whereas in CD also the deeper layers may be affected. We postulate that time-to-elimination of neutrophils (in other words time-to-histologic healing) takes longer in CD, and this may be reflected in the longer time-to-reach target calprotectin levels. CD patients with a swift normalization of calprotectin values by induction therapy may have had a less deep type of inflammation, but we were unable to prove this in the present study, because of absence of follow-up biopsies.

CONCLUSIONS
===========

With the use of a prospective registry, we have shown that reaching calprotectin levels \<250 μg/g within 12 weeks of the initiation of induction therapy, facilitates recognition of new-onset CD patients with a favorable disease course, but this does not apply to new-onset UC patients. CD patients who fail to reach target calprotectin levels within 12 weeks after conventional induction therapy may be entitled to step-up to anti-TNF agents.
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